Results Patients (N = 49) received a median of four cycles of treatment. MTD was 1.3 mg/m 2 trabectedin and 60 mg/m 2 docetaxel for patients with limited and 1.1 mg/ m 2 trabectedin and 60 mg/m 2 docetaxel for patients with unlimited prior chemotherapy. Dose-limiting toxicities (during cycle 1) included elevated alanine aminotransferase (ALT) and fatigue in patients with limited prior chemotherapy and elevated ALT and febrile neutropenia in those with unlimited prior chemotherapy. The most common drugrelated adverse events were nausea (65 %), fatigue (63 %), and neutropenia (53 %). One patient achieved a complete response. Thirty patients had stable disease, and 11 had stable disease for ≥6 months. Pharmacokinetic results for trabectedin plus docetaxel were similar to those previously reported for the single agents. Conclusion In patients with previously treated, advanced malignancies, the combination of therapeutic doses of trabectedin and docetaxel showed clinical activity and was tolerable with prophylactic G-CSF, with no evidence of clinically important drug interactions.
Introduction
Trabectedin (Yondelis ® , ET-743; PharmaMar, Madrid, Spain/Centocor Ortho Biotech Products, LP, Horsham, PA, USA), a first-in-class anticancer DNA-binding agent, is approved by the European Commission for advanced soft tissue sarcoma (STS) and for relapsed platinum-sensitive ovarian cancer in combination with pegylated liposomal doxorubicin [1] . Trabectedin covalently binds the DNA 1 3 minor groove, causing a bend in the major groove [2] , alterations in transcription factor function and DNA repair processes, cell cycle arrest, and subsequent cell death [3] [4] [5] [6] .
Trabectedin is active in osteosarcoma [7] , breast cancer [8, 9] , STS [10] , and ovarian cancer [11, 12] . Its unique mechanism of action and favorable toxicity profile offers opportunities for combination therapy [13] [14] [15] [16] . Trabectedin plus docetaxel showed additive cytotoxicity in vitro and with paclitaxel had synergistic activity in STS and breast cancer cell lines [13, 14, 17] . Because trabectedin and docetaxel act by different mechanisms, have activity against multiple cancers, and use similar dosing schedules, we evaluated this combination in advanced cancer patients.
The primary objective of this study was to determine the maximum tolerated dose (MTD) of trabectedin plus docetaxel in patients with advanced malignancies who had received limited (≤1 combination or ≤2 single-agent regimens) or unlimited prior cytotoxic chemotherapy. Secondary objectives included safety, pharmacokinetics, and tumor response.
Materials and methods

Patients
Eligible patients were ≥18 years of age, had advanced, treatment-refractory cancer, an Eastern Cooperative Oncology Group performance status of 0-1, and adequate hematologic, hepatic, and renal function. Key exclusion criteria included prior trabectedin, grade ≥2 peripheral neuropathy, <4 weeks since radiation therapy or last dose of systemic therapy, known central nervous system metastasis, and chronic liver disease.
Study design
The study protocol and amendments were reviewed and approved by the Fox Chase Cancer Center Institutional Review Board. The study was conducted in accordance with accepted ethical principles having their origin in the Declaration of Helsinki and Good Clinical Practice guidelines and all applicable regulatory requirements. All patients provided written informed consent.
On day 1 of each 3-week cycle, docetaxel 60 or 75 mg/ m 2 was infused intravenous (IV) over 1 h. After 1-h observation, trabectedin was infused IV over 3 h at one of six dose levels (0.4, 0.6, 0.75, 0.9, 1.1, or 1.3 mg/m 2 ). Treatment was continued until disease progression or unacceptable toxicity. Dose escalation using a conventional 3 + 3 scheme was based on toxicities in cycle 1. All patients received oral dexamethasone 8 mg twice daily on days −1, 0, and 1 of each cycle except for a single IV dose before docetaxel infusion. After dose-limiting neutropenia in the first two cohorts, the protocol was amended to allow primary prophylaxis with granulocyte colony-stimulating factor (G-CSF; filgrastim). No intra-patient dose escalation occurred.
Dose reductions were instituted for toxicities attributed to one or both agents. For absolute neutrophil count (ANC) <500/µL with fever or infection, ANC <500/µL for >5 days, or platelet count <25,000/µL, trabectedin was decreased by one level and docetaxel was decreased from 60 to 50 mg/ m 2 or from 75 to 60 mg/m 2 . Subsequent cycles were delayed for up to 3 weeks if any of the following were not met: platelet count ≥100,000/µL, ANC ≥ 1500/µL, bilirubin and alkaline phosphatase ≤upper limit of normal, liver transaminases grade ≤1, and other nonhematologic drugrelated effects grade <2. Trabectedin was decreased by one level for grade ≥3 nausea or vomiting despite adequate prophylaxis, grade ≥1 nonosseous alkaline phosphatase elevation, grade ≥3 transaminase elevation with recovery to grade ≤1 or conjugated bilirubin greater than upper limit of normal, or any other grade ≥3 nonhematologic toxicity. For grade ≥3 transaminase elevation without recovery to grade ≤1, trabectedin was decreased by one level for patients with clinical benefit or discontinued. Dose reductions for docetaxel and trabectedin were limited to one and ≤2, respectively.
Toxicity assessment
Dose-limiting toxicity (DLT) was defined as ≥1 of the following in cycle 1: ANC < 500 μL for >5 days or with fever or sepsis; platelet count <25 000 μL; any grade 3/4 nonhematologic toxicity except nausea or vomiting despite appropriate prophylaxis; grade 3 transaminitis lasting >1 week; or cycle delay >3 weeks. The MTD was defined as the highest dose at which less than one-third of patients experienced DLT in cycle 1. Prophylaxis with G-CSF was added at dose levels ≥2. After the MTD with G-CSF in patients with limited chemotherapy had been determined, additional patients with unlimited prior chemotherapy were enrolled at the corresponding dose level, which was subsequently de-escalated until the MTD with G-CSF for this population was established. At least six patients were treated at each MTD.
Pharmacokinetic assessment
Pharmacokinetic analysis with data from three or more patients at each dose level was performed in cycle 1 using validated methods [18] . Peripheral venous blood was obtained before and 30 min after initiating docetaxel; 10 min before and 10, 30, and 60 min after completing docetaxel; before trabectedin; 30 and 90 min after initiating trabectedin; and 10 min before and at prespecified time points after completing trabectedin. Pharmacokinetic parameters were calculated by noncompartmental analysis using individual plasma concentration-time data.
Safety and antitumor assessments
Treatment-emergent adverse events (AEs) were graded according to the National Cancer Institute Common Terminology Criteria, version 2. Clinical laboratory tests, vital signs, and physical examinations were evaluated throughout the study and at treatment termination. Tumor response was assessed by Response Evaluation Criteria In Solid Tumors (RECIST) [19] after every two cycles and at treatment termination. A complete response (CR) or a partial response (PR) required confirmation ≥4 weeks later.
Statistical analyses
Analyses were carried out with the Statistical Analysis System (SAS ® ), version 9.1 (SAS Institute Inc., Cary, NC, USA). Safety and efficacy analyses sets included all patients who received one or more dose(s) of trabectedin. Pharmacokinetic analyses sets included all patients from whom blood samples were obtained for pharmacokinetics. Descriptive statistics were provided by dose level for plasma concentrations of each study drug at each sampling time.
Results
Patient characteristics
The majority of patients were men (55 %), were white (90 %), and had an Eastern Cooperative Oncology Group (ECOG) status of 1 (67 %). Forty-nine patients received one or more doses of trabectedin (Table 1) Table 2) . Patients in the first two cohorts had no restrictions on prior chemotherapies and received no prophylactic G-CSF. At 0.4 and 0.6 mg/m 2 trabectedin with 60 mg/m 2 docetaxel dose levels, 5/6 and 4/4 patients, respectively, had grade 3 or 4 neutropenia. To allow for escalation above trabectedin 0.6 mg/ m 2 and docetaxel 60 mg/m 2 , the protocol was amended limiting prior therapy. Of the eight patients with limited prior therapy subsequently accrued to dose level 2, six experienced grade 3 or 4 neutropenia. Prophylactic G-CSF was added to allow for further dose increases in this patient population; only a single patient with limited prior therapy experienced grade 3 neutropenia, and none experienced grade 4 neutropenia until the MTD (trabectedin 1.3 mg/m 2 and docetaxel 60 mg/m 2 ) was reached. The limited prior therapy MTD was then used as a starting dose to determine the MTD with G-CSF in patients with unlimited prior therapy (Table 2) .
A total of 9/10 patients without G-CSF at the initial two dose levels had grade 3 or 4 neutropenia, while 5/8 patients with multiple prior therapies had grade 3-4 neutropenia at 1.1 and/or 1.3 mg/m 2 trabectedin with 60 mg/m 2 docetaxel and G-CSF. In contrast, 5/23 patients with limited prior treatment who received G-CSF experienced grade 3-4 neutropenia over all treatment cycles, including 3/6 patients at the DLT dose level.
Dose-limiting toxicities
The DLTs in patients with unlimited prior chemotherapy treated with 1.3 mg/m 2 trabectedin/60 mg/m 2 docetaxel plus G-CSF were grade 3 elevated alanine aminotransferase (ALT; n = 1) and grade 4 febrile neutropenia (n = 1). DLTs in patients with limited prior chemotherapy at the 1.3 mg/ m 2 trabectedin/75 mg/m 2 docetaxel dose level were grade 3 elevated ALT (n = 1) and fatigue (n = 1). Based on these results, the MTD was 1.1 mg/m 2 trabectedin/60 mg/m 2 docetaxel for patients with unlimited prior chemotherapy and 1.3 mg/m 2 trabectedin/60 mg/m 2 docetaxel for those with limited prior chemotherapy.
The most frequently reported drug-related AEs of any grade were nausea (65 %), fatigue (63 %), neutropenia (53 %), anemia (45 %), and increased ALT (45 %). Drugrelated grade 3 and 4 AEs occurred in 71 % of all patients (Table 2) . In cycle 1, the only drug-related grade 4 AE was neutropenia, which was more common in patients with unlimited prior chemotherapy. The median time to grade 4 ANC nadir in cycle 1 was 9 days (range 7-13 days); the median time to grade 3 or 4 neutropenia across all cycles was 8 days (range 6-86 days). The addition of G-CSF mitigated the occurrence of neutropenia.
No drug-related grade 3 or 4 nausea or vomiting was observed. The AE incidence did not increase with dose escalation, except for nausea, diarrhea, and elevations of transaminases and AP. No unexpected serious AEs were reported. One patient, a 49-year-old man in the 1.1/60 mg/ m 2 cohort with osteogenic sarcoma of the left leg received a single dose on day 1, and after developing sepsis on day 38, the patient died on day 39. His death was considered not related to study medication. Twenty patients (41 %) required one or more trabectedin dose adjustments: 19 due to drug-related AEs, particularly neutropenia (n = 8; 16 %). Most trabectedin dose adjustments occurred in cycle 2. Docetaxel dose reductions occurred in 19 (39 %) patients, also primarily due to drugrelated neutropenia (n = 6; 12 %). At least one cycle delay occurred in 18 (37 %) patients; approximately one-third of cycle delays lasted 6-12 days. No trabectedin dose interruption occurred. Two patients discontinued the study for drug-related AEs (grade 4 febrile neutropenia, gastric, and duodenal ulcers).
Pharmacokinetics
After initiation of trabectedin infusion, mean time to maximum plasma concentration was 1.5-3 h (Table 3) . After infusion, mean plasma trabectedin concentrations declined in a multi-exponential fashion (Fig. 1) . Mean maximum plasma concentrations generally increased with increasing dose (Table 3) , from 3.46 to 8.91 ng/mL (limited prior chemotherapy) and from 1.54 to 10.3 ng/ mL (unlimited prior chemotherapy). A similar trend was observed for the area under the concentrationtime curve. In general, mean plasma clearance values decreased and mean volume of distribution at steady state increased with increasing dose. Terminal trabectedin half-life estimates ranged from 62.6 to 160 h; the value for the 0.4/60 mg/m 2 dose group was deemed unreliable because trabectedin plasma concentrations at the end of infusion in many patients were below the lower limit of quantification.
Mean plasma concentrations of docetaxel peaked between 0.5 and 1 h after the start of infusion and declined in a multi-exponential manner after cessation of infusion. Terminal half-life values ranged from 23.1 to 34.7 h. In general, no clear differences between or consistent trends across cohorts were apparent for mean plasma clearance, volume of distribution at steady state, or terminal half-life of docetaxel. Mean maximum concentrations of docetaxel ranged from 1717 to 2695 ng/mL across the 60 mg/m 2 cohorts. Mean plasma concentration of docetaxel in the single docetaxel 75 mg/m 2 cohort was 2218 ng/mL. Mean plasma clearance among the different cohorts ranged from 34.8 to 59.9 L/h.
Tumor response
Tumor response data are shown in Table 4 . Disease progression occurred in 15 patients at cycle 2 or earlier. The disease control rate (CR + PR + stable disease) was 63 %. The CR occurred in a female patient (0.6/60 mg/m 2 cohort) with primary peritoneal papillary serous carcinoma, who had undergone debulking surgery followed by adjuvant carboplatin, paclitaxel, and pegylated doxorubicin, but had progressive disease, 9 months later. She achieved CR after four cycles of trabectedin with docetaxel and was without disease progression for 7 months.
A total of 30 patients (61 %) achieved stable disease, lasting ≥6 months in 11 patients: endometrial stromal sarcoma (7 months), gastric cancer (8 months), liposarcoma (6 and 27 months), prostate cancer (9 and 13 months), extraskeletal myxoid chondrosarcoma (15 months), chondrosarcoma (12 months), small cell lung cancer (7 months), spindle cell sarcoma NOS (10 months), leiomyosarcoma (15 months), myxofibrosarcoma (16 months), and alveolar soft part sarcoma (6 months). All but the patient with small cell lung cancer had evidence of increasing tumor volume on baseline scans. The prostate cancer patients were hormone refractory and had not received prior chemotherapy. Of the nine patients with sarcoma, five had not received prior chemotherapy. All of the remaining patients had received one prior therapy, except one patient who had received two prior therapies. 
Discussion
Results of this phase 1 trial demonstrate that the combination of trabectedin and docetaxel is tolerable and has clinical activity in some patients with advanced, clinically progressive malignancies. The doses of each drug were in the therapeutic range for the respective single agents. A high rate of disease control was achieved (63 %), primarily manifested as stable disease (61 %), which lasted ≥6 months in approximately one-third of patients. The pharmacokinetic profiles of trabectedin and docetaxel were consistent with those previously reported [20] [21] [22] . No unexpected serious toxicities occurred, suggesting no clinically significant drug interactions between the two agents. The combination did not lead to excess hepatic toxicity, but was associated with a relatively high incidence of hematologic toxicities, especially prolonged and febrile neutropenia. Thus, this regimen may be best suited for patients with limited prior therapy who receive concomitant G-CSF support.
Other combinations with trabectedin have been evaluated in phase 1 trials of patients with advanced malignancies, including trabectedin/pegylated liposomal doxorubicin (n = 36; median 4 cycles) [23] and trabectedin/ gemcitabine (n = 15; median 2 cycles) [24] . Both combinations had antitumor activity and were tolerable, with no evidence of pharmacokinetic interactions [23, 24] . The MTDs determined in the present study may potentially be improved by combinations with alternate taxane schedules such as weekly administration [25] . The combination of paclitaxel and trabectedin is attractive given less severe myelosuppression with paclitaxel compared with docetaxel [26] .
We observed antitumor activity in diverse cancer types. Activity in prostate [27, 28] , small cell lung [29, 30] , and gastric cancer [31] is not surprising given their known sensitivity to docetaxel, although most of the patients in our study received a relatively low dose of docetaxel (60 mg/ m 2 ). The observed activity in STS is of greater interest given previous reports of no or poor response of STS to docetaxel [32] [33] [34] . Single-agent trabectedin for STS in the second-line setting also has a low objective response rate [35] [36] [37] .
In our study, response durations in patients with leiomyosarcoma and liposarcoma, sarcoma subtypes most responsive to trabectedin, ranged from 6 to 27 months. Unlike gemcitabine/docetaxel [38] , trabectedin/docetaxel yielded no objective responses, but we did observe prolonged stable disease in subtypes not known to be sensitive to trabectedin or docetaxel alone (i.e., alveolar soft part sarcoma, chondrosarcoma, myxoid chondrosarcoma, and endometrial stromal sarcoma).
Docetaxel is active in gynecologic epithelial carcinomas [39, 40] , with response rates of 40 and 22.4 % in chemotherapy-naïve and chemotherapy-refractory settings, respectively, while trabectedin is active in ovarian cancer as a single agent and with pegylated doxorubicin [11, 12, [41] [42] [43] . The CR in a patient who had received prior therapy with carboplatin, paclitaxel, and liposomal doxorubicin is notable.
In conclusion, the results of this phase 1 study show that clinically active dose combinations of trabectedin and docetaxel generally were well tolerated when given with prophylactic G-CSF, with no evidence of cumulative toxicity after prolonged treatment. There was preliminary evidence of antitumor activity. Further evaluation of trabectedin plus docetaxel is warranted, particularly in patients with refractory ovarian cancer and in patients with chemotherapy-naïve as well as chemotherapy-refractory STS. 
